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Abstract
Background: Subjective cognitive decline (SCD) and anxiety symptoms both predict neurocognitive disorders, but
the two correlate strongly with each other. It is unclear whether they reflect two independent disease processes in
the development of neurocognitive disorders and hence deserve separate attention. This cohort study examined
whether SCD and anxiety symptoms demonstrate independent risks of mild cognitive disorder and dementia (MCI/
dementia).
Methods: The study included 14,066 participants aged ≥ 50 years and diagnosed with normal cognition at baseline,
recruited from Alzheimer’s Disease Centers across the USA. The participants were evaluated for SCD and anxiety
symptoms at baseline and followed up almost annually for incident MCI/dementia (median follow-up 4.5 years;
interquartile range 2.2–7.7 years). SCD and anxiety symptoms were included in Cox regression to investigate their
independent risks of MCI/dementia.
Results: SCD and anxiety symptoms demonstrated independent risks of MCI/dementia, with HR 1.9 (95% CI 1.7–2.1)
and 1.3 (95% CI 1.2–1.5), respectively. Co-occurring SCD and anxiety symptoms demonstrated the highest risk (HR
2.4, 95% CI 1.9–2.9)—participants in this group had a 25% probability of developing MCI/dementia by 3.1 years
(95% 2.4–3.7), compared to 8.2 years among those without SCD or anxiety (95% CI 7.9–8.6). The results remained
robust even in the sensitivity analyses that took into account symptom severity and consistency of symptoms in
the first 2 annual visits.
Conclusions: The findings suggest that clinicians should not dismiss one over the other when patients present
with both SCD and anxiety and that both constructs may potentially be useful to identify high-risk populations for
preventive interventions and trials. The findings also point to the need for further research to clarify on the
neurobiological distinctions between SCD and anxiety symptoms, which may potentially enrich our understanding
on the pathogenesis of neurocognitive disorders.
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Introduction
Subjective cognitive decline (SCD) refers to the subjective perception of a decline in cognition (typically
in the memory domain) among individuals with normal cognition (that is, in the absence of objective
cognitive deficits) [1–3]. It is increasingly common
at the older ages [4]—with the literature reporting a
prevalence of 50–60% among community-dwelling
older persons [5, 6]—and is known to predict subsequent
development of neurocognitive disorders [1, 7]. In recent
years, SCD has been suggested to be useful in the diagnosis of prodromal neurocognitive disorders [1, 7], with the
2018 National Institute on Aging–Alzheimer’s Association (NIA-AA) research criteria for Alzheimer’s
disease [8] incorporating SCD as a transition phase
between normal cognition and early neurocognitive
disorders.
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In the literature, SCD has been shown to correlate
strongly with anxiety symptoms, with older persons often
reporting both SCD and anxiety symptoms concurrently
[2]. This has led to the uncertainty on whether it is SCD,
or its correlated anxiety symptoms, that predicts the subsequent development of neurocognitive disorders. This is
especially pertinent given that anxiety has consistently
been identified as a key predictor of neurocognitive disorders in several meta-analyses [9–11]. Hypothetically, there
can be at least three plausible explanations to the relationships among SCD, anxiety, and incident neurocognitive
disorders, as illustrated in Fig. 1. First, SCD could be an
early manifestation of neurocognitive disorders, with anxiety as a psychological reaction when a person becomes
increasingly concerned about his perceived worsening of
cognition (Fig. 1a). Second, anxiety could be an early
manifestation of neurocognitive disorders, with worries

Fig. 1 A simplified diagram to illustrate the three plausible relationships among anxiety, subjective cognitive decline (SCD), and incident
neurocognitive disorders (a–c)
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about one’s cognitive function (SCD) as one of the many
symptoms of anxiety (Fig. 1b). Third, both SCD and anxiety could also be independent predictors of neurocognitive disorders and reflect two independent disease
processes that deserve separate attention (Fig. 1c).
This unaddressed gap in the literature can have critical
implications to the research and clinical practice. If anxiety is merely the consequence of SCD (Fig. 1a), or vice
versa (Fig. 1b), it will compel researchers and clinicians
to focus on one over the other. On the other hand, if
SCD and anxiety are both independent predictors of
neurocognitive disorders (Fig. 1c), it then behooves the
researchers to delineate the distinct neurodegenerative
processes between SCD and anxiety, as well as the clinicians to not dismiss one over the other when patients
present with both SCD and anxiety. Instead, the concurrent presence of both SCD and anxiety can then be useful to indicate a very high risk of neurocognitive
disorders and potentially provide a window of opportunity for timely interventions to prevent cognitive decline,
such as those related to risk-factor modification, physical
exercise, and cognitive training [12, 13].
Using a large sample and a cohort study design, this
study sought to address the above gap—by providing
more conclusive evidence on whether SCD and anxiety
truly have independent effects on the risk of mild cognitive impairment (MCI) and dementia and hence reflect
two independent neurodegenerative processes that deserve separate attention by the scientific community.

Method
Study population

This study involves individuals recruited from approximately 39 Alzheimer’s Disease Centers across the USA
between 2005 and August 2019, as available in the
National Alzheimer’s Coordinating Center (NACC)
database [14]. Majority of the participants (87.3%) visited
the ADC to volunteer in research, while 12.5% visited
the ADC to seek clinical evaluation and 0.1% had unknown reason for participation. On an approximately
annual basis, the participants took part in standardized
assessments (which included clinical history, physical
examination, and detailed neuropsychological testing) to
evaluate for incident MCI and dementia. The study included participants who fulfilled the following criteria at
baseline: (1) aged ≥ 50 years, (2) diagnosed as having
normal cognition at baseline (i.e., participants had completed diagnostic evaluations and found not to have
MCI or dementia), and (3) provided information on
SCD and anxiety. All contributing Alzheimer’s Disease
Centers obtained informed consent from their participants, as well as received approval by their local institutional review boards.
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Measures

SCD was evaluated with a single yes/no question based
on whether the participant perceived “a decline in memory relative to previously attained abilities.” The focus
on the memory domain is not inconsistent with the
current evidence in the literature, particularly in the recently proposed SCD framework [1], where memory
concerns have been suggested to demonstrate better
likelihood (than other non-memory concerns) in detecting prodromal neurocognitive disorders [3]. Anxiety
symptoms were evaluated with a single question based
on whether the participants have experienced “any signs
of nervousness such as shortness of breath, sighing, being unable to relax, or feeling excessively tense” in the
past month, with a choice of four responses: 0 = not
present, 1 = mild (noticeable, but not a significant
change), 2 = moderate (significant, but not a dramatic
change), and 3 = severe (very marked or prominent; a
dramatic change). In the primary analysis of this study, a
score of > 0 was used to identify those with anxiety
symptoms at baseline. In addition, alternative formulations of the anxiety symptoms (based on symptom severity, as well as consistency of symptom in the first 2
annual visits) were also tested in the subsequent sensitivity analyses and are further described in the “Statistical
analyses” section.
The Mini-Mental State Examination (MMSE) [15] and
Geriatric Depression Scale (GDS) [16] were also measured in this study and were included in the analyses as
potential confounders. MMSE [15] is an 11-item measure of global cognitive function, focusing on the domains of orientation, memory, concentration, language,
and constructional praxis. GDS [16] assesses the level of
depressive symptoms over the past week using 15 yes/no
questions. The responses are summed to produce a total
score, with higher scores indicating higher levels of depressive symptoms.
The diagnoses of MCI and dementia were made based
on all available information from standardized assessments [14], with 71.8% made via consensus conference
and the remainder made by single clinicians. MCI was
diagnosed using the modified Petersen criteria [17]. Dementia was diagnosed using the McKhann (1984) criteria [18], DSM-IV (Diagnostic and Statistical Manual of
Mental Disorders–Fourth Edition) criteria [19], or the
McKhann (2011) criteria [20], with further classification
into the primary etiologies of Alzheimer’s dementia [18,
20], vascular dementia [21], dementia with Lewy bodies
[22–24], frontotemporal lobar degeneration [23, 25–30],
and other etiologies.
Statistical analyses

Cox proportional hazard regression was conducted to
evaluate the risk of MCI and dementia. Baseline
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presence of SCD and anxiety were concurrently included
in the Cox regression to evaluate the unique risks that
were attributable to each of them (after adjusting for the
effects of each other). Time-to-event was defined as the
duration from the baseline visit to the diagnosis of either
MCI or dementia. The Cox regression adjusted for baseline covariates which may potentially confound the results, including age, sex, ethnicity, years of education,
APOE e4 status, current smoking, diabetes mellitus,
hypertension, hyperlipidemia, MMSE score, GDS score,
history of depression, use of antidepressants, and use of
anxiolytics.
The proportional hazard assumption of Cox regression
was tested statistically based on whether the Schoenfeld
residuals were associated with time—in the event there
was significant violation of the proportional hazard assumption (p ≤ 0.05 in the global test on statistical significance of non-proportionality), the variables that violated
the proportional hazard assumption were identified
using the scaled Schoenfeld residuals and included in
the Cox regression as stratified variables [3, 31, 32]. Inverse probability weighting (IPW) [33] was used in Cox
regression to account for participants who did not have
follow-up data. IPW is a well-accepted strategy to
minimize potential bias in the results related to differential
risks between those with and without follow-up data. The
probabilities of being “complete cases” (those with followup data) were generated from logistic regression. The inverse of the probabilities were then used as weights in Cox
regression, so that the results bear more semblance to
those who dropped out and are less biased towards participants who provided follow-up data [3, 32–34]. Further
details on IPW are available in Additional file 1.
Two sensitivity analyses were conducted to evaluate
the robustness of the results when some parts of the
Cox regression were modified:
(1) The first sensitivity analysis examined whether the
severity of anxiety symptoms can affect the risks of
MCI and dementia. In this analysis, anxiety
symptoms were included as an ordinal variable
based on the severity of symptoms: 0 = not present,
1 = mild (noticeable, but not a significant change),
2 = moderate (significant, but not a dramatic
change), and 3 = severe (very marked or prominent;
a dramatic change).
(2) The second sensitivity analysis examined whether
the consistency of symptoms (over year 1 and year
2) can affect the risks of MCI and dementia. This
analysis was conducted in the subset of participants
with normal cognition at year 1 and year 2 (the
timeline of this analysis is further depicted in
Additional file 2)—those who reported anxiety or
SCD at both years were deemed as having
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“consistent” symptoms, while those who reported
anxiety or SCD at either year only were deemed as
having “inconsistent” symptoms. The use of two
consecutive annual visits (year 1 and year 2) to
determine symptom consistency is not inconsistent
with what has been done in the literature [35–37].
In particular, “consistent” SCD has also been shown
to be more predictive of neurocognitive disorders in
recent literature [35, 38, 39].
Additionally, a stratified analysis was conducted to
evaluate the risks of MCI and dementia across different
combinations of presentation, as classified by the presence of SCD or anxiety at baseline. All analyses were
conducted in Stata (version 14).

Results
The total sample size was 14,066, with a median age of
71 (interquartile range, IQR 65–77) and a median education of 16 years (IQR 14–18). Additional file 3 presents
the flow diagram related to participant selection, while
Table 1 shows the participant characteristics as well as
the comparison between participants who did and did
not develop MCI or dementia. A quarter of the participants (24.1%) only had baseline data and did not contribute to the follow-up data, while the rest of the
participants had a median duration of follow-up of 4.5
years (interquartile range 2.2–7.7 years). At baseline,
1270 (9.0%) participants reported the presence of anxiety
symptoms and 3809 (27.1%) reported the presence of
SCD. During the period of follow-up, 1530 (10.9%)
participants developed MCI while 755 (5.4%) developed
dementia (with 560 being Alzheimer’s dementia, 33 vascular dementia, 48 mixed Alzheimer’s/vascular dementia, 41 dementia with Lewy bodies, 18 frontotemporal
lobar degeneration, and 55 due to other or unknown
etiology).
In Cox regression, both anxiety symptoms and SCD
demonstrated independent risks of MCI and dementia,
with a HR of 1.3 for anxiety and 1.9 for SCD (Table 2).
The findings remained robust in the two sensitivity analyses (Table 3), with both anxiety and SCD consistently
demonstrating their independent effects. In the first sensitivity analysis, anxiety was included in Cox regression
as an ordinal variable based on the severity of symptoms
(i.e., mild, moderate, or severe)—mild and moderate
symptoms had similar risk estimates (HR 1.3–1.4), while
severe symptoms had a relatively higher risk estimate
(HR 2.3). In the second sensitivity analysis, anxiety and
SCD were included in Cox regression based on the
consistency of the symptoms in the first 2 annual visits
of the study (i.e., those who reported the presence of
symptoms at year 1 and year 2 were deemed to have
“consistent” symptoms, while those who reported the
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Table 1 Demographic information of the study participants at baseline (n = 14,066) and comparison between those did and did not
develop dementia during the follow-up period
Variable

Overall sample (n = 14,066)

Participants who did not
develop MCI or dementia
(n = 11,781)

Participants who developed
MCI or dementia
(n = 2285)

p valuea

Age, median (IQR)

71 (65–77)

70 (65–76)

76 (70–82)

< 0.001

Years of education, median (IQR)

16 (14–18)

16 (14–18)

16 (13–18)

< 0.001

Male sex, n (%)

4852 (34.5)

3956 (33.6)

896 (39.2)

< 0.001

White

11,105 (78.9)

9225 (78.3)

1880 (82.3)

African American

1967 (14.0)

1680 (14.3)

287 (12.6)

Others/unknown

994 (7.1)

876 (7.4)

118 (5.2)

APOE e4 carrier, n (%)

3240 (23.0)

2537 (21.5)

703 (30.8)

< 0.001

Current smoker, n (%)

676 (4.8)

560 (4.8)

116 (5.1)

0.510

Ethnicity, n (%)

< 0.001

Diabetes mellitus, n (%)

1666 (11.8)

1399 (11.9)

267 (11.7)

0.800

Hypertension, n (%)

6781 (48.2)

5568 (47.3)

1213 (53.1)

< 0.001

Hyperlipidemia, n (%)

6888 (49.0)

5751 (48.8)

1137 (49.8)

0.410

MMSE score, median (IQR)

29 (28–30)

29 (29–30)

29 (28–30)

< 0.001

GDS score, median (IQR)

1 (0–2)

1 (0–2)

1 (0–2)

< 0.001

History of depression, n (%)

3720 (26.4)

3107 (26.4)

613 (26.8)

0.650

Use of antidepressants, n (%)

2666 (19.0)

2227 (18.9)

439 (19.2)

0.730

Use of anxiolytics, n (%)

1659 (11.8)

1410 (12.0)

249 (10.9)

0.150

Presence of anxiety symptoms, n (%)

1270 (9.0)

1017 (8.6)

253 (11.1)

< 0.001

Presence of SCD, n (%)

3809 (27.1)

2969 (25.2)

840 (36.8)

< 0.001

MCI mild cognitive impairment, IQR interquartile range, MMSE Mini-Mental State Examination, GDS Geriatric Depression Scale, SCD subjective cognitive decline
a
Test of difference between participants with and without longitudinal follow-up data: chi-square test for categorical variables, and Mann-Whitney U test for
continuous variables. Bold-faced p values are ≤ 0.05

symptoms only at year 1 or year 2 were deemed to have
“inconsistent” symptoms)—the risk estimates of anxiety
remained similar regardless of whether the symptoms
were consistently reported in the first 2 years. In contrast, the risk estimate of consistent SCD (HR 2.5) was
higher than that of inconsistent SCD (HR 1.6).

The risks of MCI and dementia were further evaluated
across different combinations of presentation, classified by
the presence of anxiety or SCD at baseline. As shown in
Table 4, the HR of MCI and dementia increased incrementally from anxiety only, to SCD only, and to both anxiety
and SCD. Individuals without anxiety or SCD had a 25%

Table 2 The risk of mild cognitive impairment and dementia based on the presence of anxiety and subjective cognitive decline at
baseline (n = 14,066)
No. of MCI and
dementia/total (%)

Model 1 (unadjusted)a
HR (95% CI)

p

HR (95% CI)

p

HR (95% CI)

p

HR (95% CI)

p

No

2032/12796 (15.9)

1.0 (Ref)

Ref

1.0 (Ref)

Ref

1.0 (Ref)

Ref

1.0 (Ref)

Ref

Yes

253/1270 (19.9)

1.4 (1.2–1.6)

< 0.001

1.6 (1.4–1.8)

< 0.001

1.5 (1.3–1.7)

< 0.001

1.3 (1.2–1.5)

< 0.001

No

1445/10257 (14.1)

1.0 (Ref)

Ref

1.0 (Ref)

Ref

1.0 (Ref)

Ref

1.0 (Ref)

Ref

Yes

840/3809 (22.1)

2.0 (1.8–2.2)

< 0.00

2.0 (1.9–2.2)

< 0.001

2.0 (1.8–2.2)

< 0.001

1.9 (1.7–2.1)

< 0.001

Presence of
symptoms

Model 2b

Model 3c

Model 4 (final)d

Anxiety

SCD

SCD subjective cognitive decline, HR hazard ratio, CI confidence interval, Ref reference group
a
Cox regression included only anxiety and SCD without covariate adjustment
b
Cox regression adjusted for covariates of age, sex, and ethnicity
c
Covariate adjustment as in model 2, with additional adjustment for years of education, APOE e4 status, current smoking, diabetes mellitus, hypertension,
hyperlipidemia, and Mini-Mental State Examination score
d
Covariate adjustment as in model 3, with additional adjustment for total score on Geriatric Depression Scale, history of depression, use of antidepressants, and
use of anxiolytics
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Table 3 Results from the two sensitivity analyses to evaluate the robustness of the main findings
Analyses

No. of MCI and dementia / Total (%)

Hazard ratio (95% CI)a

p value

Sensitivity analysis 1: severity of anxiety (n = 14,066)
Anxietyb
No symptoms

2032/12796 (15.9)

1.0 (Ref)

Ref

Mild symptoms

182/908 (20.0)

1.3 (1.1–1.5)

0.004

Moderate symptoms

55/311 (17.7)

1.4 (1.0–1.9)

0.032

Severe symptoms

16/51 (31.4)

2.3 (1.3–4.1)

0.004

No

1445/10257 (14.1)

1.0 (Ref)

Ref

Yes

840/3809 (22.1)

1.8 (1.7–2.0)

< 0.001

1.0 (Ref)

Ref

SCD

Sensitivity analysis 2: consistency of symptoms in the first 2 years of the study (n = 6926)
Anxietyc
No anxiety

707/5982 (11.8)

Inconsistent anxiety

130/762 (17.1)

1.6 (1.3–1.9)

< 0.001

Consistent anxiety

34/182 (18.7)

1.7 (1.1–2.6)

0.013

456/4630 (9.9)

1.0 (Ref)

Ref

SCDc
No SCD
Inconsistent SCD

237/1459 (16.2)

1.6 (1.3–1.9)

< 0.001

Consistent SCD

178/837 (21.3)

2.5 (2.0–3.0)

< 0.001

SCD subjective cognitive decline, CI confidence interval, Ref reference group
a
Model adjusted for age, sex, ethnicity, years of education, APOE e4 status, current smoking, hypertension, hyperlipidemia, diabetes mellitus, Mini-Mental State
Examination score, total score on Geriatric Depression Scale, history of depression, use of antidepressants, and use of anxiolytics
b
Anxiety symptoms were included in the analysis as an ordinal variable, based on the severity of symptoms: 0 = not present, 1 = mild (noticeable, but not a
significant change), 2 = moderate (significant, but not a dramatic change), and 3 = severe (very marked or prominent; a dramatic change)
c
This analysis was conducted in the subset of participants with normal cognition at year 1 and year 2—those who reported anxiety or SCD at both years were
deemed as having “consistent” symptoms, while those who reported anxiety or SCD at either year only were deemed as having “inconsistent” symptoms

probability of developing MCI or dementia by 8.2 years of
follow-up. This duration became as short as 3.1 years in the
presence of both anxiety and SCD. The differential risks
across the various combinations of presentation are further
visible in the Kaplan-Meier curve in Fig. 2.

Discussion
This study examined the relationship between two correlated constructs—anxiety symptoms and SCD—and
provided more conclusive evidence on the independent
effects of anxiety and SCD on the subsequent development of neurocognitive disorders, based on a large

sample of 14,066 participants, after adjusting for the
mutual effects of each other, as well as after accounting
for a wide range of key confounders. The risk of MCI
and dementia was independently present in both anxiety and SCD (HR of 1.3 and 1.9, respectively), with the
risk being highest among those who endorsed both
anxiety and SCD (HR 2.4)—participants with cooccurring anxiety and SCD had a 25% probability of developing MCI or dementia by 3.1 years (in contrast to
8.2 years among those without anxiety or SCD). The results remained robust in the sensitivity analyses, even
after the severity and consistency of symptoms were

Table 4 Risk of mild cognitive impairment and dementia associated with the different combinations of presentation, based on the
presence of anxiety symptoms and subjective cognitive decline at baseline (n = 14,066)
Different combinations of presentation No. of MCI and dementia/total (%) Hazard ratio (95% CI)a p value Survival (25th centile) in years (95% CI)b
No anxiety or SCD

1332/9535 (14.0)

1.0 (Ref)

Ref

8.2 (7.9–8.6)

Anxiety only

113/722 (15.7)

1.4 (1.1–1.8)

0.002

7.1 (4.2–9.9)

SCD only

700/3261 (21.5)

1.9 (1.7–2.1)

< 0.001 4.1 (3.7–4.4)

Both anxiety and SCD

140/548 (25.6)

2.4 (1.9–2.9)

< 0.001 3.1 (2.4–3.7)

CI confidence interval, MCI mild cognitive impairment, SCD subjective cognitive decline, Ref reference group
a
Model adjusted for baseline variables of age, sex, ethnicity, years of education, APOE e4 status, current smoking, hypertension, hyperlipidemia, diabetes mellitus,
Mini-Mental State Examination score, total score on Geriatric Depression Scale, history of depression, use of antidepressants, and use of anxiolytics
b
The estimated time that is needed for a quarter of the participants to develop MCI or dementia. The 95% CI was computed with 1000 bootstrap sampling
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Probability of MCI and dementia
0.50
0.25
0.75

Anxiety & SCD
SCD only
Anxiety only

0.00

No Anxiety or SCD

Number at risk
Anxiety & SCD
SCD only
Anxiety only
No Anxiety or SCD

0

2

552
3270
717
9528

362
2227
515
7316

4
6
8
Duration of follow-up in years
200
1358
327
4881

98
805
205
3198

48
462
117
1988

10

12

25
253
67
1165

3
88
21
439

Fig. 2 Kaplan-Meier curves reflecting the risk of mild cognitive impairment (MCI) and dementia, based on the presence of anxiety symptoms and
subjective cognitive decline at baseline (n = 14,066)

accounted for in the analyses. In particular, the sensitivity analyses revealed that higher severity of anxiety was
associated with higher risk of MCI and dementia, but
consistency of anxiety symptoms over the first 2 years
had minimal impact on the risk estimates (i.e., the risks
were similar regardless of whether anxiety was reported
at one time point only or consistently over the first
2 years).
Inasmuch as the literature has reported the strong correlation between SCD and anxiety symptoms [2], this
study demonstrated that the two likely represent distinct
constructs which independently predict the risk of neurocognitive disorders, consistent with the postulated relationship in Fig. 1c. The findings can have both clinical
and research implications. From the clinical perspective,
the findings highlight the relevance of both constructs to
health services that are involved in the care of older persons, and that clinicians should not dismiss one over the
other when patients present with both anxiety and SCD.
For example, among older patients with anxiety disorders, the additional complaints of SCD should not be
dismissed as merely being part of “anxiety symptoms”
(which invariably shifts the focus of care to the alleviation of this “anxiety symptom” using psychiatric medications). Vice versa, among older patients with known
SCD, the additional complaints of anxiety symptoms
should also not be dismissed as merely a psychological
reaction to their concerns about the SCD. On the contrary, anxiety and SCD should be seen as independent

predictors of neurocognitive disorders, and the cooccurrence of both should alert clinicians to the much
higher risk of neurocognitive disorders, which may then
prompt more intensive interventions to prevent cognitive decline (such as those related to risk-factor modification, physical exercise, and cognitive training) [12, 13],
enrolment into preventive trials for dementia [3, 32],
and closer monitoring of cognitive function over time to
allow timely diagnosis of cognitive impairment [40–43].
From the research perspective, the findings may possibly indicate some differences in the underlying neurodegenerative processes between SCD and anxiety—the
two constructs may either reflect the involvement of two
distinct neurobiological pathways that lead to neurocognitive disorders, or a common neuropathology that has
affected two distinct anatomical regions in the brain [3].
Prior studies have already implicated different sets of
neurobiology for SCD and anxiety. For example, SCD
has been linked to the cholinergic system in the basal
forebrain [44], as well as to white matter lesions, smaller
left hippocampal volumes, and temporal lobe atrophy
[45]. In contrast, anxiety has been linked to lower
metabolism in the bilateral entorhinal cortex, anterior
parahippocampal gyrus, and left superior temporal gyrus
and insula, as well as a relatively preserved amygdala volume [46]. Future research is needed to further delineate
the similarities and differences in the neurobiology between these two distinct constructs, which may potentially enrich our understanding on the pathogenesis of

Liew Alzheimer's Research & Therapy

(2020) 12:107

neurocognitive disorders as well as identify novel drug
targets to inform the development of disease-modifying
drugs for dementia [3].
Several limitations should be considered. First, the participants in the study involved those who volunteered at
the Alzheimer’s Disease Centers. They may be more representative of patients who voluntarily present to healthcare settings than those in the community. Second,
22.1% of the participants did not provide follow-up data.
Such missing data were addressed using IPW [33] to
minimize any potential bias. Third, single yes/no questions were used to identify the exposures-of-interest in
this study (SCD and anxiety). Although they should not
invalidate the findings of this study, single questions
may not be as sensitive as multi-item questionnaires in
identifying SCD and anxiety. In particular, the single
question that captures SCD focused on the memory domain—it may not have captured the other non-memory
domains [47]. Fourth, the primary analysis in this study
was based on one-time assessments of anxiety and SCD
(i.e., at baseline). Arguably, the symptoms of anxiety and
SCD can fluctuate over time, and hence, measurements
at one time point may not necessarily be a true reflection of participants’ anxiety or concerns about
SCD. This limitation is addressed in the second sensitivity analysis of the study, with the results remaining
robust even after the consistency of symptoms (in the
first 2 years) was accounted for in the analysis. Fifth,
the diagnoses of MCI and dementia were made by
single clinicians in 28.2% of the participants. They
may not necessarily be as accurate as those made via
consensus conference.

Conclusion
Among older persons with normal cognition, SCD
and anxiety symptoms are independently associated
with the risk of neurocognitive disorders, with the
risk further compounded when SCD and anxiety
symptoms co-occur. The findings highlight the potential usefulness of the two constructs to identify highrisk populations for preventive interventions and trials, as well as point to the need for further research
to clarify on the neurobiological distinctions between
the two constructs to enrich our understanding of
neurocognitive disorders.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13195-020-00673-8.
Additional file 1. Details on the conduct of inverse probability
weighting to account for those who did not have follow-up data after
the first visit.
Additional file 2. Time line of the second sensitivity analysis.

Page 8 of 9

Additional file 3. Participant enrolment and exclusion details.
Abbreviations
CI: Confidence interval; GDS: Geriatric Depression Scale; HR: Hazard ratio;
IQR: Interquartile range; IPW: Inverse probability weighting; MCI: Mild
cognitive impairment; MMSE: Mini-Mental State Examination; NACC: National
Alzheimer’s Coordinating Center; NIA-AA: National Institute on Aging–
Alzheimer’s Association; SCD: Subjective cognitive decline
Acknowledgements
The NACC database is funded by NIA/NIH Grant U01 AG016976. NACC data
are contributed by the NIA-funded ADCs: P30 AG019610 (PI Eric Reiman,
MD), P30 AG013846 (PI Neil Kowall, MD), P50 AG008702 (PI Scott Small, MD),
P50 AG025688 (PI Allan Levey, MD, PhD), P50 AG047266 (PI Todd Golde, MD,
PhD), P30 AG010133 (PI Andrew Saykin, PsyD), P50 AG005146 (PI Marilyn
Albert, PhD), P50 AG005134 (PI Bradley Hyman, MD, PhD), P50 AG016574
(PI Ronald Petersen, MD, PhD), P50 AG005138 (PI Mary Sano, PhD), P30
AG008051 (PI Thomas Wisniewski, MD), P30 AG013854 (PI M. Marsel
Mesulam, MD), P30 AG008017 (PI Jeffrey Kaye, MD), P30 AG010161 (PI
David Bennett, MD), P50 AG047366 (PI Victor Henderson, MD, MS), P30
AG010129 (PI Charles DeCarli, MD), P50 AG016573 (PI Frank LaFerla,
PhD), P50 AG005131 (PI James Brewer, MD, PhD), P50 AG023501 (PI
Bruce Miller, MD), P30 AG035982 (PI Russell Swerdlow, MD), P30
AG028383 (PI Linda Van Eldik, PhD), P30 AG053760 (PI Henry Paulson,
MD, PhD), P30 AG010124 (PI John Trojanowski, MD, PhD), P50 AG005133
(PI Oscar Lopez, MD), P50 AG005142 (PI Helena Chui, MD), P30
AG012300 (PI Roger Rosenberg, MD), P30 AG049638 (PI Suzanne Craft,
PhD), P50 AG005136 (PI Thomas Grabowski, MD), P50 AG033514 (PI
Sanjay Asthana, MD, FRCP), P50 AG005681 (PI John Morris, MD), and P50
AG047270 (PI Stephen Strittmatter, MD, PhD).
Author’s contributions
The author read and approved the final manuscript.
Funding
TML was supported by research grants under the National Medical Research Council
of Singapore (grant number NMRC/Fellowship/0030/2016 and NMRC/CSSSP/0014/
2017). The funding sources had no involvement in any part of the project.
Availability of data and materials
The data were obtained from the National Alzheimer’s Coordinating Center
(NACC). For further information on access to the database, please contact
NACC (contact details can be found at https://www.alz.washington.edu/WEB/
researcher_home.html).
Ethics approval and consent to participate
All contributing Alzheimer’s Disease Centers obtained informed consent
from their participants, as well as received approval by their local institutional
review boards. Research using the NACC database was also approved by the
University of Washington Institutional Review Board.
Consent for publication
Not applicable.
Competing interests
The author declares no competing interests.
Received: 19 September 2019 Accepted: 26 August 2020

References
1. Jessen F, Amariglio RE, van Boxtel M, Breteler M, Ceccaldi M, Chetelat G,
Dubois B, Dufouil C, Ellis KA, van der Flier WM, et al. A conceptual
framework for research on subjective cognitive decline in preclinical
Alzheimer’s disease. Alzheimers Dement. 2014;10(6):844–52.
2. Hill NL, Mogle J, Wion R, Munoz E, DePasquale N, Yevchak AM, Parisi JM.
Subjective cognitive impairment and affective symptoms: a systematic
review. Gerontologist. 2016;56(6):e109–27.
3. Liew TM. Depression, subjective cognitive decline, and the risk of
neurocognitive disorders. Alzheimers Res Ther. 2019;11(1):70.

Liew Alzheimer's Research & Therapy

4.
5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.
17.
18.

19.
20.

21.

22.

23.

24.

25.

(2020) 12:107

Mitchell AJ. Is it time to separate subjective cognitive complaints from the
diagnosis of mild cognitive impairment? Age Ageing. 2008;37(5):497–9.
Singh-Manoux A, Dugravot A, Ankri J, Nabi H, Berr C, Goldberg M, Zins M,
Kivimaki M, Elbaz A. Subjective cognitive complaints and mortality: does the
type of complaint matter? J Psychiatr Res. 2014;48(1):73–8.
Holmen J, Langballe E, Midthjell K, Lingaas Holmen T, Fiksaune A, Saltvedt I,
Tambs K. Gender differences in subjective memory impairment in a general
population: the HUNT study, Norway. BMC Psychol. 2013;1(1):19.
Molinuevo JL, Rabin LA, Amariglio R, Buckley R, Dubois B, Ellis KA, Ewers M,
Hampel H, Kloppel S, Rami L, et al. Implementation of subjective cognitive
decline criteria in research studies. Alzheimers Dement. 2017;13(3):296–311.
Jack CR Jr, Bennett DA, Blennow K, Carrillo MC, Dunn B, Haeberlein SB, Holtzman
DM, Jagust W, Jessen F, Karlawish J, et al. NIA-AA research framework: toward a
biological definition of Alzheimer’s disease. Alzheimers Dement. 2018;14(4):535–62.
Santabarbara J, Lipnicki DM, Villagrasa B, Lobo E, Lopez-Anton R. Anxiety
and risk of dementia: systematic review and meta-analysis of prospective
cohort studies. Maturitas. 2019;119:14–20.
Gulpers B, Ramakers I, Hamel R, Kohler S, Oude Voshaar R, Verhey F. Anxiety
as a predictor for cognitive decline and dementia: a systematic review and
meta-analysis. Am J Geriatr Psychiatry. 2016;24(10):823–42.
Becker E, Orellana Rios CL, Lahmann C, Rucker G, Bauer J, Boeker M. Anxiety
as a risk factor of Alzheimer’s disease and vascular dementia. Br J Psychiatry.
2018;213(5):654–60.
Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D,
Ballard C, Banerjee S, Burns A, Cohen-Mansfield J, et al. Dementia
prevention, intervention, and care. Lancet. 2017;390(10113):2673–734.
Ngandu T, Lehtisalo J, Solomon A, Levalahti E, Ahtiluoto S, Antikainen R,
Backman L, Hanninen T, Jula A, Laatikainen T, et al. A 2 year multidomain
intervention of diet, exercise, cognitive training, and vascular risk monitoring
versus control to prevent cognitive decline in at-risk elderly people (FINGER): a
randomised controlled trial. Lancet. 2015;385(9984):2255–63.
Beekly DL, Ramos EM, van Belle G, Deitrich W, Clark AD, Jacka ME, Kukull
WA. The National Alzheimer’s Coordinating Center (NACC) database: an
Alzheimer disease database. Alzheimer Dis Assoc Disord. 2004;18(4):270–7.
Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res.
1975;12(3):189–98.
Sheikh JI, Yesavage JA. Geriatric depression scale (GDS): recent evidence
and development of a shorter version. Clin Gerontol. 1986;5(1–2):165–73.
Petersen RC, Morris JC. Mild cognitive impairment as a clinical entity and
treatment target. Arch Neurol. 2005;62(7):1160–3 discussion 1167.
McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM:
Clinical diagnosis of Alzheimer’s disease. Report of the NINCDS-ADRDA
Work Group* under the auspices of Department of Health and Human
Services Task Force on Alzheimer's Disease 1984, 34(7):939–939.
American Psychiatric Association. Diagnostic and statistical manual of mental
disorders: DSM-IV-TR. Washington: American Psychiatric Association; 2000.
McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR, Kawas CH,
Klunk WE, Koroshetz WJ, Manly JJ, Mayeux R, et al. The diagnosis of
dementia due to Alzheimer’s disease: recommendations from the National
Institute on Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimer’s Dement. 2011;7(3):263–9.
Román GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu JC, Garcia JH,
Amaducci L, Orgogozo J-M, Brun A, Hofman A, et al. Vascular dementia.
Diagn Criteria Res Studi. 1993;43(2):250.
McKeith IG, Boeve BF, Dickson DW, Halliday G, Taylor JP, Weintraub D,
Aarsland D, Galvin J, Attems J, Ballard CG, et al. Diagnosis and management
of dementia with Lewy bodies: fourth consensus report of the DLB
Consortium. Neurology. 2017;89(1):88–100.
Litvan I, Bhatia KP, Burn DJ, Goetz CG, Lang AE, McKeith I, Quinn N, Sethi
KD, Shults C, Wenning GK. Movement Disorders Society Scientific Issues
Committee report: SIC Task Force appraisal of clinical diagnostic criteria for
Parkinsonian disorders. Mov Disord. 2003;18(5):467–86.
McKeith IG, Dickson DW, Lowe J, Emre M, O'Brien JT, Feldman H, Cummings J,
Duda JE, Lippa C, Perry EK, et al. Diagnosis and management of dementia with
Lewy bodies: third report of the DLB Consortium. Neurology. 2005;65(12):1863–72.
Rascovsky K, Hodges JR, Knopman D, Mendez MF, Kramer JH, Neuhaus J,
van Swieten JC, Seelaar H, Dopper EGP, Onyike CU, et al. Sensitivity of
revised diagnostic criteria for the behavioural variant of frontotemporal
dementia. Brain. 2011;134(Pt 9):2456–77.

Page 9 of 9

26. Bensimon G, Ludolph A, Agid Y, Vidailhet M, Payan C, Leigh PN. Riluzole
treatment, survival and diagnostic criteria in Parkinson plus disorders: the
NNIPPS study. Brain. 2009;132(Pt 1):156–71.
27. Armstrong MJ, Litvan I, Lang AE, Bak TH, Bhatia KP, Borroni B, Boxer AL,
Dickson DW, Grossman M, Hallett M, et al. Criteria for the diagnosis of
corticobasal degeneration. Neurology. 2013;80(5):496–503.
28. Brooks BR, Miller RG, Swash M, Munsat TL. El Escorial revisited: revised
criteria for the diagnosis of amyotrophic lateral sclerosis. Amyotroph Lateral
Scler Other Motor Neuron Disord. 2000;1(5):293–9.
29. Neary D, Snowden JS, Gustafson L, Passant U, Stuss D, Black S, Freedman M,
Kertesz A, Robert PH, Albert M, et al. Frontotemporal lobar degeneration: a
consensus on clinical diagnostic criteria. Neurology. 1998;51(6):1546–54.
30. Litvan I, Agid Y, Calne D, Campbell G, Dubois B, Duvoisin RC, Goetz CG, Golbe
LI, Grafman J, Growdon JH, et al. Clinical research criteria for the diagnosis of
progressive supranuclear palsy (Steele-Richardson-Olszewski syndrome): report
of the NINDS-SPSP international workshop. Neurology. 1996;47(1):1–9.
31. StataCorp. Stata survival analysis reference manual release 14. Texas: Stata
Press; 2015.
32. Liew TM. Symptom clusters of neuropsychiatric symptoms in mild cognitive
impairment and their comparative risks of dementia: a cohort study of 8530
older persons. J Am Med Dir Assoc. 2019;20(8):1054.e1051–9.
33. Seaman SR, White IR. Review of inverse probability weighting for dealing
with missing data. Stat Methods Med Res. 2013;22(3):278–95.
34. Liew TM. Neuropsychiatric symptoms in cognitively normal older persons,
and the association with Alzheimer’s and non-Alzheimer’s dementia.
Alzheimers Res Ther. 2020;12(1):35.
35. Wolfsgruber S, Kleineidam L, Wagner M, Mösch E, Bickel H, Lϋhmann D,
Ernst A, Wiese B, Steinmann S, König HH, et al. Differential risk of incident
Alzheimer’s disease dementia in stable versus unstable patterns of
subjective cognitive decline. J Alzheimers Dis. 2016;54(3):1135–46.
36. Cano J, Chan V, Kan CN, Chen C, Hilal S, Venketasubramanian N, Xu X. Mild
behavioral impairment: prevalence in clinical setting and cognitive
correlates. Alzheimer’s Dement. 2018;14(7, Supplement):P639–40.
37. Ismail Z, McGirr A, Gill S, Hu S, Forkert ND, Smith EE. Mild behavioral impairment
and subjective cognitive decline predict mild cognitive impairment. medRxiv
2020;05(24):20112284. https://doi.org/10.1101/2020.05.24.20112284. http://
medrxiv.org/content/early/2020/05/25/2020.05.24.20112284.abstract.
38. van Harten AC, Mielke MM, Swenson-Dravis DM, Hagen CE, Edwards KK, Roberts
RO, Geda YE, Knopman DS, Petersen RC. Subjective cognitive decline and risk of
MCI: the Mayo Clinic Study of Aging. Neurology. 2018;91(4):e300–12.
39. Roehr S, Villringer A, Angermeyer MC, Luck T, Riedel-Heller SG. Outcomes of
stable and unstable patterns of subjective cognitive decline - results from the
Leipzig Longitudinal Study of the Aged (LEILA75+). BMC Geriatr. 2016;16(1):180.
40. Liew TM. Developing a brief neuropsychological battery for early diagnosis
of cognitive impairment. J Am Med Dir Assoc. 2019;20(8):1054.e1011–20.
41. Liew TM. Active case finding of dementia in ambulatory care settings: a
comparison of three strategies [published online ahead of print, 2020 May 22]..
Eur J Neurol. 2020;10.1111/ene.14353. https://doi.org/10.1111/ene.14353.
42. Liew TM. A 4-Item case-finding tool to detect dementia in older persons. J
Am Med Dir Assoc. 2019;20(12):1529–1534.e6.
43. Liew TM. The optimal short version of montreal cognitive assessment in
diagnosing mild cognitive impairment and dementia. J Am Med Dir Assoc.
2019;20(8):1055.e1–1055.e8.
44. Scheef L, Grothe MJ, Koppara A, Daamen M, Boecker H, Biersack H, Schild HH,
Wagner M, Teipel S, Jessen F. Subregional volume reduction of the cholinergic
forebrain in subjective cognitive decline (SCD). Neuroimage Clin. 2019;21:101612.
45. Mark RE, Sitskoorn MM. Are subjective cognitive complaints relevant in
preclinical Alzheimer’s disease? A review and guidelines for healthcare
professionals. Rev Clin Gerontol. 2013;23(1):61–74.
46. Van Dam D, Vermeiren Y, Dekker AD, Naudé PJW, Deyn PPD.
Neuropsychiatric disturbances in Alzheimer’s disease: what have we learned
from neuropathological studies? Curr Alzheimer Res. 2016;13(10):1145–64.
47. Liew TM, Yap P, Ng TP, Mahendran R, Kua EH, Feng L. Symptom clusters of
subjective cognitive decline amongst cognitively normal older persons and
their utilities in predicting objective cognitive performance: structural
equation modelling. Eur J Neurol. 2019;26(9):1153–60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

